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FEDERAL AVIATION AGENCY 

FLIGHT STANDARDS SERVICE 

(14 CFR 514) 

/Regulatory Docket No. L U j l ; D r a f t Release No. 62-LJ7 

TECHNICAL STANDARD ORDERS FOR AIRCRAFT METERIALS 

PARTS AND APPLIANCES 

NOTICE OF PROPOSED RULE MAKING 

Pursuant to the a u t h o r i t y delegated to me by the A d m i n i s t r a t o r 

(14 CFR Part 405) n o t i c e i s hereby given t h a t the Federal A v i a t i o n Agency 

has under c o n s i d e r a t i o n a proposal to amend Part 514 of the Regulations 

of the A d m i n i s t r a t o r by adopting a new Technical Standard Order. This 

Technical Standard Order esta b l i s h e s minimum performance standards f o r 

r a d i a t i o n sensing type f i r e detectors which are f o r use on both p i s t o n 

and t u r b i n e engine-powered c i v i l a i r c r a f t o f the United States. For 

many years, f i r e detectors of the thermal or flame contact type have been 

approved under the standards o f TSO-C11 covering " F i r e Detectors, Thermal 

and Contact Type". I n recent years, however, the f i r e d e t e c t o r i n d u s t r y 

has developed d e t e c t o r systems which operate on a d i f f e r e n t p r i n c i p l e 

i n v o l v i n g the sensing of r a d i a t e d energy (sometimes termed s u r v e i l l a n c e 

type d e t e c t o r s ) . These newer type detectors could not be approved under 

TS0-C11, nor could minimum a i r w o r t h i n e s s be assured by reference t o any 

other e x i s t i n g t e c h n i c a l standards. This TSO, t h e r e f o r e , has been developed 

to e s t a b l i s h minimum performance requirements f o r r a d i a t i o n sensing type 

f i r e d e t e c t o r s . 



I n t e r e s t e d persons may p a r t i c i p a t e i n the making of the proposed 

r u l e by s u b m i t t i n g such w r i t t e n data, views or arguments as they may 

des i r e . Communications should be submitted i n d u p l i c a t e t o the Docket 

Section of the Federal A v i a t i o n Agency, Room A-103, 1711 New York Avenue, N.W., 

Washington 25, D. C. A l l communications received on or before December 5> , 

1962, w i l l be considered by the Administrator before t a k i n g a c t i o n on the 

proposed r u l e . The proposals contained i n t h i s n o t i c e may be changed i n 

l i g h t of comments received. A l l comments submitted w i l l be a v a i l a b l e i n the 

Docket Section f o r examination by i n t e r e s t e d persons a t any time. 

This amendment i s proposed under the a u t h o r i t y of Sections 313(a) and 

601 of the Federal A v i a t i o n Act of 1958 (72 S t a t . 752, 775; 49 U.S.C. 1354(a), 

1421). 

I n c o n s i d e r a t i o n of the foregoing i t i s proposed to amend Part 514 

as f o l l o w s : 

By adding the f o l l o w i n g s e c t i o n 514.85: 
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} 514.85 F i r e detectors ( r a d i a t i o n sensing type) - TSO-C79--

(a) A p p l i c a b i l i t y . Minimum performance standards are hereby 

established f o r r a d i a t i o n sensing type f i r e d e tectors which are f o r use 

on both p i s t o n and t u r b i n e engine-powered c i v i l a i r c r a f t of the United States. 

New models of f i r e d etectors ( r a d i a t i o n sensing type) manufactured on or 

a f t e r the e f f e c t i v e date o f t h i s s e c t i o n , which are to be used on c i v i l 

a i r c r a f t o f the United States, s h a l l meet the standards s p e c i f i e d i n 

Federal A v i a t i o n Agency Standard, " F i r e Detectors (Radiation Sensing Type)", 

dated August 15, 1962.-^ 

(b) Marking. I n l i e u of the weight r e q u i r e d i n J 51 4 . 3 ( d ) ( 3 ) , the 

operating v o l t a g e f o r the detector s h a l l be shown. Compliance of the 

detector w i t h the p i s t o n or t u r b i n e engine requirements, or both, s h a l l be 

designated by -P, -T, or -PT, r e s p e c t i v e l y , as a s u f f i x f o l l o w i n g the t e c h n i c a l 

standard order designation as TSO-C79-P. 

(c) Data requirements. (1) I n a d d i t i o n t o the data s p e c i f i e d i n 

J 514.2, the manufacturer s h a l l f u r n i s h s i x copies each, except where noted, 

of the f o l l o w i n g to the Chief, Engineering and Manufacturing Branch, F l i g h t 

Standards D i v i s i o n , Federal A v i a t i o n Agency, i n the region i n which the 

manufacturer i s located: 

( i ) Manufacturer's operating i n s t r u c t i o n s and equipment l i m i t a t i o n s . 

( i i ) I n s t a l l a t i o n procedures w i t h a p p l i c a b l e schematic drawings, 

w i r i n g diagrams, and s p e c i f i c a t i o n s . I n d i c a t e any l i m i t a t i o n s , r e s t r i c t i o n s , 

or other c o n d i t i o n s p e r t i n e n t to i n s t a l l a t i o n . 

( i i i ) One copy of the manufacturer's t e s t r e p o r t . 

1/Copies may be obtained upon request addressed to Publ i s h i n g and Graphics 
Branch, I n q u i r y Section, MS-158, Federal A v i a t i o n Agency, Washington 25, D. C. 
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(2) The data r e q u i r e d under Paragraph ( l ) ( i ) and ( i i ) s h a l l i n c l u d e 

the f o l l o w i n g : 

( i ) F i e l d of v i s i o n ; 

( i i ) Maximum e f f e c t i v e range a t f i e l d e x t r e m i t i e s ; 

( i i i ) Maximum al l o w a b l e normal ambient temperature a t the p o i n t of 

det e c t o r l o c a t i o n ; 

( i v ) Maximum a l l o w a b l e r a t e of temperature r i s e a t p o i n t of de t e c t o r 

l o c a t i o n as a r e s u l t of normal operation; 

( v ) Operating v o l t a g e ; 

( v i ) Mounting or support method; and 

( v i i ) Maximum or minimum number of u n i t s which can be used i n one 

c i r c u i t or one f i r e zone without a d v e r s e l y a f f e c t i n g s e n s i t i v i t y or causing 

f a l s e i n d i c a t i o n s due to temperature. 

F l i g h t Standards S e r v i c e 

I s s u e d i n Washington, D. C , on October 12 1962. 
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August 15, 1962 

Federal A v i a t i o n Agency Standard  

For 

F i r e Detectors - Radiation Sensing Type 

1. Purpose: To s p e c i f y minimum requirements f o r powerplant f i r e 
d e t e c t i o n instruments f o r use i n both p i s t o n and t u r b i n e 
engine-powered a i r c r a f t , the o p e r a t i o n of which may subject 
the instrument to environmental c o n d i t i o n s s p e c i f i e d i n 
Paragraph 3.3, 

2. Scope: This standard covers the requirements f o r acceptance 
of r a d i a t i o n sensing ( " s u r v e i l l a n c e " ) type f i r e d e t e c t o r s , 
intended f o r use i n p r o t e c t i n g a i r c r a f t powerplant i n s t a l l a 
t i o n s , a u x i l i a r y powerplants, combustion heaters, and other 
i n s t a l l a t i o n s where f u e l , o i l , or s i m i l a r f i r e s may occur. 

2.1 D e f i n i t i o n of Radiation Sensing Type F i r e Detectors: An 
instrument which w i l l i n i t i a t e an alarm s i g n a l when exposed t o 
r a d i a n t energy emitted by a flame. The detec t o r and associated 
c i r c u i t r y may be designed t o be s e l e c t i v e w i t h respect to such 
f a c t o r s as s p e c t r a l s e n s i t i v i t y , i r r a d i a n c e l e v e l a t the 
d e t e c t o r , r a t e of r i s e of i r r a d i a n c e , or frequency character
i s t i c s of the f l u c t u a t i o n s of i r r a d i a n c e ( f l i c k e r ) or other 
flame c h a r a c t e r i s t i c . 

3. General Requirements 

3.1 M a t e r i a l s and Workmanship 

3.1.1 M a t e r i a l s : M a t e r i a l s s h a l l be of a q u a l i t y which experience 
and/or t e s t s have demonstrated to be s u i t a b l e and dependable 
f o r use i n a i r c r a f t instruments. 

3.1.2 Workmanship: Workmanship s h a l l be c o n s i s t e n t w i t h high-grade 
a i r c r a f t instrument manufacturing p r a c t i c e . 

3.2 Blank 

3.3 Environmental Conditions: The f o l l o w i n g c o n d i t i o n s have been 
es t a b l i s h e d as design minimum requirements. Tests s h a l l be 
conducted as s p e c i f i e d i n Sections 5, 6 and 7. 

3.3,1 Temperature: When i n s t a l l e d i n accordance w i t h the manufacturer's 
recommendations, the instrument s h a l l f u n c t i o n over the range 
of ambient temperatures shown I n Column A below and s h a l l not 
be adversely a f f e c t e d by exposure to the temperatures shown i n 
Column B below: 
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Instrument Location A B 

Powerplant Compartment(Piston) 
Powerplant Compartments(Turbine) 

-30 to 130C 
-30 t o 150C 

Pressurized Areas (Both types -30 to 50C 
Nonpressurized or External Areas(of engine -55 to 70C 

-65 t o 130C 
-65 to 150C 
-65 t o 70C 
-65 to 70C 

I f instrument i s intended f o r use i n compartments where 
maximum ambient i s higher than 130° C f o r p i s t o n engines and 
150° C f o r t u r b i n e engines, appropriate s p e c i a l l i m i t s s h a l l 
be selected f o r Columns A and B, and s p e c i f i e d by the 
manufacturer. 

3.3.2 Humidity: The instrument s h a l l f u n c t i o n and s h a l l not be 
adversely a f f e c t e d when exposed t o any r e l a t i v e humidity i n the 
range from 0 t o 95 percent a t a temperature of approximately 
70° C. 

3.3.3 A l t i t u d e : When i n s t a l l e d i n accordance w i t h the instrument 
manufacturer's i n s t r u c t i o n s , the instruments s h a l l f u n c t i o n 
from sea l e v e l up to the a l t i t u d e s and temperatures l i s t e d below. 
A l t i t u d e pressures are per NACA Report 1235. 

Instrument Location 

Powerplant Accessory Compartment 50,000' (80C) 
Pressurized Areas 15,000' (50C) 
Nonpressurized Areas 50,000' (20C) 

The instrument s h a l l not be adversely a f f e c t e d f o l l o w i n g exposure 
to extremes i n ambient pressure of 50 inches, and 3 inches, of 
mercury absolute, r e s p e c t i v e l y . 

3.3.4 V i b r a t i o n : When i n s t a l l e d i n accordance w i t h the instrument 
manufacturer's i n s t r u c t i o n s , the instrument s h a l l f u n c t i o n 
and s h a l l not be adversely a f f e c t e d when subjected to v i b r a t i o n s 
of the f o l l o w i n g c h a r a c t e r i s t i c s ; 

Frequency  
Cycles 
Per Sec. 

Max. Double  
Amplitude 
i n Inches 

Maximum  
Accelerat ion 

P i s t o n Engines 

Airframe S t r u c t u r e 
Mounted 5-500 
Shock-Mounted Panel 5-50 
Powerplant Mounted 5-500 

.050 

.020 

.100 

10g 
1.5g 
20g 
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Turbine Engines 

Nacelle and Nacelle 
Mounts, Wings, Empen-
nage and Wheel Wells 5-1000 0.036 10g 
Fuselage 
Forward of Spar Area 5-500 0.036 2g 
Center of Spar Area 5-1000 0.036 4g 
A f t o f Spar Area 5-500 0.036 7g 

500-1000 5g 
V i b r a t i o n I s o l a t e d 5-50 0.020 1.5g 
Racks 50-500 0.5g 
Instrument Panel 5-500 .030 l.Og 

3.3.5 Powerplant Compartment Fumes and Gases 

Fumes, gases or combustion products accumulating w i t h i n the 
powerplant compartments e i t h e r during normal or m a l f u n c t i o n i n g 
powerplant c o n d i t i o n s , i n c l u d i n g a compartment f i r e , s h a l l not 
adversely a f f e c t the c a p a b i l i t y of the detector u n i t s t o sense 
the i n i t i a l or a r e i g n i t e d f i r e . 

3.4 Radio I n t e r f e r e n c e : The Instrument s h a l l not be the source of 
o b j e c t i o n a b l e i n t e r f e r e n c e , under o p e r a t i n g c o n d i t i o n s a t any 
frequencies used on a i r c r a f t , e i t h e r by r a d i a t i o n or feedback, 
i n e l e c t r o n i c equipment i n s t a l l e d i n the same a i r c r a f t as the 
instrument. 

3.5 Magnetic E f f e c t : The magnetic e f f e c t of the instrument s h a l l 
not adversely a f f e c t the o p e r a t i o n of other instruments i n the 
same a i r c r a f t . 

4 a D e t a i l Requirements: 

4.1 I n d i c a t i o n Means: The instrument s h a l l be capable of a c t u a t i n g 
v i s u a l and/or a u r a l alarm i n d i c a t o r s . 

4.2 R e l i a b i l i t y : The instrument s h a l l be designed to withstand the 
mechanical and thermal shocks, and stresses i n c i d e n t t o i t s use 
i n a i r c r a f t . False alarm s i g n a l s s h a l l not r e s u l t from v a r i a t i o n s 
i n v o l t a g e encountered during o p e r a t i o n of the a i r c r a f t , abnormal 
a t t i t u d e s , contaminants i n the atmosphere, ambient l i g h t 
c o n d i t i o n s , a c c e l e r a t i o n forces encountered during f l i g h t , land
in g and t a k e o f f . The f i r e detector s h a l l not f a l s e alarm afid the 
detecto r s e n s i t i v i t y s h a l l not be appreciably a f f e c t e d by the 
ambient l i g h t i n the a i r c r a f t compartment i n which the sensor i s 
i n s t a l l e d , under any combination o f normal a i r c r a f t o perating 
c o n d i t i o n s and atmospheric c o n d i t i o n s . Tests aimed at determining 
the e f f e c t s o f the foregoing f a c t o r s 0n d e t e c t o r r e l i a b i l i t y are 
described i n Section 7.3. 
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4.3 I n t e g r i t y Test Means: The instrument s h a l l be designed to 
provide a means for test ing the continuity and functioning of 
the e l e c t r i c a l c i r c u i t s i n f l i g h t . 

4.4 C a l i b r a t i o n Means: The instrument s h a l l be designed so that 
a l l c a l i b r a t i o n means are provided with tamper-proof s e a l s . 

4 .4 .1 Adjustable Detector Systems: Instruments which Incorporate an 
adjustment means s h a l l be tested to prove compliance with t h i s 
standard, p a r t i c u l a r l y paragraphs 7.1, 7.1.1 and 7.3 throughout 
the range of a d j u s t a b i l i t y . 

5. Test Conditions: 

5.1 Atmospheric Conditions: Unless otherwise s p e c i f i e d , a l l t e s t s 
required by t h i s standard, s h a l l be conducted at an atmospheric 
pressure of approximately 29.92 inches of mercury and at an 
ambient temperature of approximately 25C and at a r e l a t i v e 
humidity of not greater than 85 percent . When t e s t s are conducted 
with the atmospheric pressure or the temperature s u b s t a n t i a l l y 
d i f ferent from these v a l u e s , allowance s h a l l be made for the 
v a r i a t i o n from the s p e c i f i e d condit ions . 

5.2 V i b r a t i o n : (To minimize f r i c t i o n ) : Unless otherwise s p e c i f i e d , 
a l l t e s t s for performance may be conducted with the instrument 
subjected to a v i b r a t i o n of 0.002 to 0.005 inch double amplitude 
at a frequency of 1500 to 2000 c y c l e s per minute. The term 
double amplitude as used herein indicates the t o t a l displacement 
from p o s i t i v e m a T r - t m i r m to negative maximum. 

5.3 Vibrat ion Equipment: Vibrat ion equipment s h a l l be such as to 
al low v i b r a t i o n to be applied along each of three mutually 
perpendicular axes of the instrument at frequencies and amplitudes 
consistent with the requirements of Paragraph 3 .3 .4 . 

5.4 Power Conditions: Unless otherwise s p e c i f i e d , a l l t e s t s s h a l l be 
conducted at a power r a t i n g recommended by the manufacturer. 

5.5 Test P o s i t i o n : Unless other s p e c i f i e d , the instrument s h a l l be 
mounted and tested i n i t s normal operating p o s i t i o n . 



I n d i v i d u a l Performance Requirements: A l l instruments or 
components of such s h a l l be subjected to t e s t s by the 
manufacturer to demonstrate s p e c i f i c compliance w i t h t h i s 
standard ( t h a t production a r t i c l e s comply w i t h t h i s standard) 
i n c l u d i n g the f o l l o w i n g requirements where a p p l i c a b l e . 

S e n s i t i v i t y and C a l i b r a t i o n : The sensor s h a l l be te s t e d as 
s p e c i f i e d i n paragraph 7.1, to determine the response 
s e n s i t i v i t y and c a l i b r a t i o n . 

D i e l e c t r i c : Each instrument s h a l l be t e s t e d by the methods of 
in s p e c t i o n l i s t e d i n Paragraphs 6.2.1 and 6.2.2. 

I n s u l a t i o n Resistance: The i n s u l a t i o n r e s i s t a n c e measured at 
200 v o l t s D.C. f o r f i v e seconds between a l l e l e c t r i c a l c i r c u i t s 
connected together and the m e t a l l i c case s h a l l not be less 
than 5 megohms, I n s u l a t i o n r e s i s t a n c e measurements s h a l l not 
be made to c i r c u i t s where the p o t e n t i a l w i l l appear ^across 
elements such as windings, r e s i s t o r s , c a p a c i t o r s , e t c . , since 
t h i s measurement i s intended only t o determine adequacy of 
i n s u l a t i o n . 

O v e r p o t e n t i a l Tests: Equipment s h a l l not be damaged by the 
a p p l i c a t i o n of a t e s t p o t e n t i a l between e l e c t r i c a l c i r c u i t s , 
and between e l e c t r i c a l c i r c u i t s and the m e t a l l i c case. The 
t e s t p o t e n t i a l s h a l l be a s i n u s o i d a l v o l t a g e of a commercial 
frequency w i t h an r.m.s. value of f i v e times the maximum 
c i r c u i t v o l t a g e or per paragraphs 6.2.2.1 or 6.2.2.2, whichever 
a p p l i e s . The p o t e n t i a l s h a l l s t a r t from zero and be increased 
at a uniform r a t e t o i t s t e s t value. I t s h a l l be maintained at 
t h i s value f o r f i v e seconds, and then reduced a t a uniform 
r a t e to zero. 

Since these t e s t s are intended t o assure proper e l e c t r i c a l 
i s o l a t i o n of the c i r c u i t components i n question, these t e s t s 
s h a l l not be a p p l i e d t o c i r c u i t s where the p o t e n t i a l w i l l appear 
across elements such as windings, r e s i s t o r s , c a p a c i t o r s , e t c . 

Hermetically sealed instruments s h a l l be te s t e d a t 200 v o l t s r.m.s. 

C i r c u i t s t h a t operate a t p o t e n t i a l s below 15 v o l t s are not to be 
subjected to o v e r p o t e n t i a l t e s t s . 

Q u a l i f i c a t i o n Performance Requirements: As many instruments as 
deemed necessary t o demonstrate t h a t a l l instruments w i l l 
comply w i t h the requirements of t h i s s e c t i o n s h a l l be t e s t e d i n 
accordance w i t h the manufacturer's recommendations. The t e s t s 
on each instrument s h a l l be conducted consecutively i n the order 
l i s t e d , and a f t e r the t e s t s have been i n i t i a t e d , f u r t h e r adjustments 
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t o the instrument s h a l l not be per m i t t e d . A f a l s e alarm 
s i g n a l o c c u r r i n g during any of the t e s t s s h a l l d i s q u a l i f y the 
instrument from f u r t h e r t e s t i n g . A response time t e s t per 
paragraph 7.1 s h a l l be conducted a f t e r each t e s t , except 
paragraphs 7.2, 7.2.1, 7.2.3 and 7.14. I n conducting the 
t e s t of paragraph 7.14, the instrument(s) t e s t e d need not be 
the same instrument(s) being subjected to the e n t i r e series 
of q u a l i f i c a t i o n t e s t s . 

7.1 Response Time: The sensor of the instrument s h a l l be exposed, 
at a distance of four f e e t t o a t e s t flame produced by burning 
gasoline i n a f l a t pan f i v e inches i n diameter and w i t h a fl o w 
of a i r of ten f e e t per second maximum. The temperature of the 
gasoline and the pan at the s t a r t of each t e s t s h a l l not exceed 
85° F. A non-leaded white gasoline s h a l l be used. The response 
time s h a l l not exceed f i v e seconds. 

7.1.1 S a t u r a t i o n Test: The sensor s h a l l be mounted approximately three 
inches above the center of a f l a t pan, two f e e t i n diameter, 
containing gasoline to a l e v e l of 1/8-inch from the bottom. The 
gasoline s h a l l be i g n i t e d by a source t h a t cannot be detected by 
the sensor. The response time s h a l l not exceed f i v e seconds, and 
the system s h a l l not c l e a r the alarm w h i l e exposed t o t h i s t e s t 
f o r a p e r i o d of one minute. 

7.1.2 Repeat Response Time: The sensor of the f i r e detector s h a l l be 
exposed to the flame as described i n 7.1 above, f o r a peri o d of 
one minute. I t s h a l l then be prevented from sensing the flame. 
W i t h i n f i v e seconds a f t e r the alarm has cleared, the sensor s h a l l 
again be exposed to the flame. An alarm s h a l l be s i g n a l l e d w i t h i n 
f i v e seconds. 

7.2 False Alarm Due t o Rate of Temperature Rise: The t e s t s described 
i n 7.2.1 and 7.2.2 below, s h a l l be conducted i n a temperature-
c o n t r o l l e d a i r f l o w moving at a v e l o c i t y of 250 f e e t per minute plus 
or minus 25 f e e t per minute. The instrument f o r t h i s t e s t s h a l l 
c o n s i s t of a c o n t r o l u n i t complete w i t h the maximum number of 
sensors t o be used w i t h a s i n g l e c o n t r o l u n i t . No alarm s i g n a l 
s h a l l occur. 

7.2.1 Local Temperature Rise: One sensor s h a l l be subjected t o various 
combinations of ra t e s of temperature r i s e and d u r a t i o n of those 
r a t e s of r i s e shown i n the shaded area of Figure 3 ( a ) . The other 
sensors i n the system s h a l l be maintained a t ambient room 
temperature. This t e s t s h a l l be conducted s i m u l a t i n g conditions 
due to l o c a l overheating. No alarm s i g n a l s h a l l occur. 
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7 . 2 . 2 G e n e r a l T e m p e r a t u r e R i s e : T h e t e s t d e s c r i b e d i n 7 . 2 . 1 a b o v e 
s h a l l b e r e p e a t e d u s i n g F i g u r e 3 ( b ) e x c e p t t h a t a l l t h e 
s e n s o r s s h a l l be s u b j e c t e d t o t h e t e m p e r a t u r e v a r i a t i o n s 
s i m u l t a n e o u s l y . T h e t e s t s h a l l b e c o n d u c t e d s i m u l a t i n g 
c o n d i t i o n s due t o a g e n e r a l t e m p e r a t u r e r i s e t h r o u g h o u t t h e 
c o m p a r t m e n t w h e r e t h e s e n s o r s a r e l o c a t e d . No a l a r m s i g n a l 
s h a l l o c c u r , 

7 . 2 . 3 F a l s e C l e a r i n g o f A l a r m Due t o P a r t i a l E x t i n g u i s h m e n t o f F i r e : 
W i t h t h e i n s t r u m e n t a r r a n g e d t o t e s t t h e r e s p o n s e t i m e , i n 
a c c o r d a n c e w i t h 7 . 1 a b o v e , t h e t e s t f l a m e s h a l l b e a p p l i e d f o r 
3 0 s e c o n d s . T h e t e s t f l a m e s h a l l t h e n b e m a s k e d s o a s t o r e d u c e 
i t s e f f e c t i v e a r e a b y a p p r o x i m a t e l y 5 0 p e r c e n t . T h e a l a r m 
s i g n a l s h a l l n o t c l e a r . A f t e r a n a d d i t i o n a l 30 s e c o n d s , t h e 
f l a m e s h a l l b e r e m o v e d e n t i r e l y , a n d t h e a l a r m s i g n a l s h a l l c l e a r 
w i t h i n 10 s e c o n d s . 

7 . 3 T e s t P r o c e d u r e s t o E s t a b l i s h D e t e c t o r R e l i a b i l i t y U n d e r S p e c i a l  
E n v i r o n m e n t a l C o n d i t i o n s : T h e f o l l o w i n g t e s t p r o c e d u r e s s h a l l 
a p p l y t o e s t a b l i s h d e t e c t o r s y s t e m r e l i a b i l i t y u n d e r v a r i o u s 
a d v e r s e c o n d i t i o n s . I n c o n d u c t i n g t h e t e s t s , t h e s y s t e m s h a l l 
c o n t a i n t h e c r i t i c a l n u m b e r o f s e n s o r s f o r t h e s p e c i f i c t e s t 
c o n d i t i o n . 

7 . 3 . 1 B l a n k 

7 . 3 . 2 M a g n e s i u m F l a m e : A 6" l e n g t h o f m a g n e s i u m m e t a l r i b b o n a p p r o x i 
m a t e l y 1 / 8 w i d e a n d 0 . 0 0 5 " t h i c k , i s t o b e c l a m p e d t o a s u p p o r t 
a t o n e e n d s o t h a t i t e x t e n d s o u t i n t o t h e a i r h o r i z o n t a l l y . 
T h e d e t e c t o r i s p l a c e d 2' f r o m i t a t t h e same l e v e l , s o t h a t i t 
v i e w s i t s i d e w i s e . F i r s t r u n t h e g a s o l i n e 
p a n f i r e t e s t ( 7 . 1 ) a t t h e 4 1 d i s t a n c e , a n d t h e n , w h i l e t h e a l a r m 
l i g h t i s o n , i g n i t e t h e m a g n e s i u m s i m u l t a n e o u s l y , a t t h e 2 ' 
d i s t a n c e a n d i n l i n e b e t w e e n t h e d e t e c t o r a n d t h e p a n f i r e . T h e 
a l a r m l i g h t m u s t s t a y o n , a t l e a s t w h i l e t h e g a s o l i n e i s b u r n i n g . 

7 . 3 . 3 S u n l i g h t : T h i s t e s t s h a l l b e made w i t h s u n l i g h t s h i n i n g d i r e c t l y 
o n t h e d e t e c t o r ( n o t t h r o u g h a c l o s e d w i n d o w ) a n d t h e s u n s h a l l 
b e w i t h i n 4 5 ° o f t h e z e n i t h so t h a t t h e s l a n t p a t h t h r o u g h t h e 
a t m o s p h e r e w i l l n o t b e t o o l o n g . T h e i l l u m i n a t i o n s h a l l b e 
5 , 0 0 0 f o o t - c a n d l e s o r g r e a t e r , w i t h t h e l i g h t m e t e r p r o b e f a c i n g 
t h e s u n . T h e d e t e c t o r s h a l l b e e x p o s e d t o s u n l i g h t f o r 30 s e c o n d s 
a n d m u s t n o t a l a r m . 

7 . 3 . 4 C h o p p e d S u n l i g h t : I n t h i s t e s t , t h e s u n l i g h t ( s e e 7 . 3 . 3 ) s h a l l 
b e m o d u l a t e d by a s h u t t e r b l a d e s y s t e m o v e r a f r e q u e n c y r a n g e 
o f 100 c y c l e s p e r s e c o n d t o 0 c y c l e s p e r s e c o n d . T h i s 
f r e q u e n c y r a n g e s h a l l b e s w e p t o u t o v e r a s u f f i c i e n t d u r a t i o n s o 
t h a t t h e r e w i l l b e a d w e l l t i m e o f a f e w s e c o n d s i n a n y f r e q u e n c y 
b a n d o v e r t h e r a n g e . A s a t i s f a c t o r y c h o p p i n g a r r a n g e m e n t w o u l d 
be a f o u r - b l a d e d s h u t t e r o n t h e s h a f t o f a s m a l l u n i v e r s a l - w o u n d 
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m o t o r o p e r a t i n g from a V a r i a c or o t h e r source of a d j u s t a b l e 

v o l t a g e . The shutter b l a d e s m u s t be large e n o u g h to o b s c u r e 

the sun c o m p l e t e l y from the d e t e c t o r w h e n they a r e in f r o n t of 

the d e t e c t o r , and b l a d e s s h o u l d be n o t m o r e than 1" a w a y from 

the detector so that the light f r o m the sky i t s e l f w i l l also 

be m o d u l a t e d . No alarms shall r e s u l t from the a b o v e t e s t i n g . 

7 = 3 . 5 S u n s e t s and S i g n a l L i g h t s : A n array of c o l o r e d , i n c a n d e s c e n t l i g h t 

b u l b s shall b e u s e d to s i m u l a t e the c o l o r i m e t r i c p r o p e r t i e s of 

sunsets at several s t a g e s . (This test w o u l d also take c a r e of 

i d e n t i f i c a t i o n a n d m a r k e r l i g h t s , a n d r e d side of a b e a c o n l i g h t , 

and the revolving r e d side on the b e l l y of the a i r p l a n e that 

flicks p a s t the p o w e r p l a n t s ) . T h e b u l b s shall b e 4 0 - w a t t y e l l o w , 

o r a n g e , a n d r e d o n e s such as G e n e r a l E l e c t r i c N o s . 4 0 A / Y , 4 0 A / 0 , 
a n d 4 0 A / R , or e q u i v a l e n t . T h e test is to b e c o n d u c t e d in s u b d u e d 

r o o m i l l u m i n a t i o n of n o t m o r e than o n e - f o o t c a n d l e on the d e t e c t o r 

(too d i m to r e a d fine p r i n t ) . The test shall c o m p r i s e a n e x p o s u r e 

of the detector to e a c h of the three l a m p s , a t 3 f e e t , for 3 0 
seconds e a c h , w i t h o u t causing an a l a r m . 

7 . 4 V i b r a t i o n : 

R e s o n a n c e : The i n s t r u m e n t , w h i l e o p e r a t i n g , shall b e s u b j e c t e d 

to a r e s o n a n t f r e q u e n c y s u r v e y of the a p p r o p r i a t e r a n g e s p e c i f i e d 

in p a r a g r a p h 3 . 3 . 4 in order to d e t e r m i n e if there exists any 

r e s o n a n t f r e q u e n c i e s of the p a r t s . The a m p l i t u d e u s e d m a y b e any 

c o n v e n i e n t v a l u e that d o e s n o t e x c e e d the m a x i m u m d o u b l e a m p l i t u d e 

a n d the m a x i m u m a c c e l e r a t i o n specified in p a r a g r a p h 3 . 3 . 4 . 

T h e i n s t r u m e n t shall then b e s u b j e c t e d to v i b r a t i o n a t the 

a p p r o p r i a t e m a x i m u m d o u b l e a m p l i t u d e or m a x i m u m a c c e l e r a t i o n 

s p e c i f i e d in p a r a g r a p h 3 . 3 . 4 a t the r e s o n a n t f r e q u e n c y for a p e r i o d 

of o n e hour in e a c h a x i s . 

W h e n m o r e t h a n o n e r e s o n a n t f r e q u e n c y is e n c o u n t e r e d w i t h v i b r a t i o n 

a p p l i e d a l o n g any a x i s , a test p e r i o d m a y b e a c c o m p l i s h e d a t the 

m o s t s e v e r e r e s o n a n c e or the p e r i o d m a y b e d i v i d e d among the 

r e s o n a n t f r e q u e n c i e s , w h i c h e v e r shall b e c o n s i d e r e d m o s t likely to 

p r o d u c e f a i l u r e . T h e test p e r i o d shall n o t b e less than one-half 

h o u r a t any m a j o r r e s o n a n t m o d e . 

W h e n r e s o n a n t f r e q u e n c i e s a r e n o t a p p a r e n t w i t h i n the s p e c i f i e d 

f r e q u e n c y r a n g e , the i n s t r u m e n t s h a l l b e v i b r a t e d for two h o u r s 

in a c c o r d a n c e w i t h the v i b r a t i o n r e q u i r e m e n t s s c h e d u l e (Section 3 . 3 . 4 ) 
at the m a x i m u m d o u b l e a m p l i t u d e a n d the f r e q u e n c y to p r o v i d e the 

m a x i m u m a c c e l e r a t i o n . 
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Cycling: The instrument, w h i l e o p e r a t i n g , s h a l l be t e s t e d 
w i t h the frequency c y c l e d between l i m i t s s p e c i f i e d i n 
Section 3.3.4 i n 15-minute cycles f o r a p e r i o d of one hour 
i n each axis at an a p p l i e d double amplitude s p e c i f i e d i n 
Paragraph 3.3.4 or an a c c e l e r a t i o n s p e c i f i e d i n 3.3.4 which
ever i s the l i m i t i n g value. 

7.5 Water Spray: The instrument components which are to be lo c a t e d 
outside the pressurized area of the a i r c r a f t s h a l l be subjected 
to the f o l l o w i n g t e s t s : 

7.5.1 Simulated Rain: The component s h a l l be subjected to a spray o f 
water to simulate r a i n f o r a p e r i o d of three hours. The component 
s h a l l not be d r i e d p r i o r t o t e s t i n g , per Paragraph 7.1. 

7.5.2 S a l t Spray: The instrument components which are t o be i n s t a l l e d 
i n exposed p o r t i o n s of the a i r c r a f t s h a l l be subjected to a 
f i n e l y atomized spray of 20 percent sodium c h l o r i d e s o l u t i o n f o r 
50 hours. At the end of t h i s p e r i o d , the component s h a l l be 
allowed to dry and s h a l l be t e s t e d per Paragraph 7.1. 

7.6 Humidity: The instrument s h a l l be mounted i n a chamber maintained 
a t a temperature of 70±2C and a r e l a t i v e humidity of 95*5% f o r a 
p e r i o d of s i x hours. A f t e r t h i s p e r i o d , the heat s h a l l be shut 
o f f and the instrument s h a l l be allowed t o cool f o r a p e r i o d of 
18 hours i n t h i s atmosphere i n which the humidity r i s e s t o 100% 
as the temperature decreases t o not more than 38C. This complete 
cycle s h a l l be conducted: 

a. Five times f o r components l o c a t e d i n u n c o n t r o l l e d 
temperature areas. 

b. Once f o r components located i n c o n t r o l l e d temperature 
areas. 

Immediately a f t e r t h i s c y c l i n g , there s h a l l be no evidence o f 
damage or c o r r o s i o n which a f f e c t s performance. 

7.7 Fuel and O i l Immersion: The instrument components which are to be 
i n s t a l l e d i n engine compartments or other l o c a t i o n s i n the a i r c r a f t 
where they may be contaminated by f u e l or o i l s h a l l be subjected t o 
the f o l l o w i n g t e s t s : 
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7.7.1 Fuel Immersion; The component s h a l l be thoroughly immersed i n 
normally leaded 100 octane f u e l or t u r b i n e engine f u e l as 
a p p r o p r i a t e , a t room temperature and then allowed t o d r a i n f o r 
one (1) minute before being t e s t e d , per Paragraph 7,1. No clean
ing other than the drainage as s p e c i f i e d s h a l l be accomplished 
p r i o r t o conducting subsequent t e s t s . 

7.7.2 O i l Immersion: The t e s t procedure o u t l i n e d i n Paragraph 7.7.1 
s h a l l be conducted w i t h used MIL-O-7808 o i l ( t u r b i n e engine o i l ) 
or SAE #50 ( p i s t o n engine o i l ) as a p p r o p r i a t e . 

7.8 Sand: The instrument components which are to be located i n 
e x t e r n a l l y exposed p o r t i o n s of the a i r c r a f t (such as i n n a c e l l e s , 
wheel w e l l s , e t c . ) s h a l l be subjected t o a sand-laden a i r s t r e a m 
f l o w i n g at a constant r a t e of 2-1/2 pounds of sand per hour for .four (̂  
hours. The a i r s t r e a m s h a l l be formed of sand t h a t has been s i f t e d 
through a 150 mesh screen and the p a r t i c l e s s h a l l come i n contact 
w i t h a l l p a r t s of the component being t e s t e d . The t e s t chamber s h a l l 
be equivalent to t h a t shown i n Figure 1. 

7.9 High Temperature Operation: The instrument s h a l l be subjected to the 
a p p l i c a b l e high ambient temperature l i s t e d i n Column A of t a b l e i n 
Paragraph "3.3.1 Temperature: f o r a p e r i o d of 48 hours ( e l e c t r i c a l 
equipment energized). Where the highest recommended operating 
temperature exceeds those of Column A, t h i s higher temperature 
s h a l l be used. The instrument s h a l l meet, while at t h a t temperature ( 
the performance t e s t s described i n Paragraphs 7.1 and 7.1.1. 

7.10 Low Temperature Operation: Same as requirement 7.9 above, except 
s u b s t i t u t e "low" f o r "high". The instrument s h a l l then meet, a t 
t h a t temperature, the performance t e s t s described i n Paragraphs 7.1 
and 7.1.1. 

7.11 A l t i t u d e E f f e c t s 

7.11.1 High A l t i t u d e and Rate of Climb: The instrument s h a l l be subjected 
t o a pressure t h a t i s v a r i e d from normal atmospheric pressure t o an 
a l t i t u d e pressure equivalent to 50,000 f e e t a t a r a t e of not less 
than 3,000 f e e t per minute. The instrument s h a l l be maintained a t 
the a l t i t u d e pressure equivalent t o 50,000 f e e t f o r a p e r i o d of 48 
hours. The instrument s h a l l then be r e t u r n e d t o sea l e v e l c o n d i t i o n s 
and then t e s t e d per Paragraphs 7.1 and 7.1.1. Sealed components 
s h a l l not leak as a r e s u l t of exposure to t h i s pressure and a leak 
t e s t s h a l l be demonstrated by immersion i n water or e q u i v a l e n t . 
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7.11.2 Low A l t i t u d e : The instrument s h a l l be subjected t o the 
same t e s t as o u t l i n e d i n Paragraph 7.11.1, except t h a t 
the pressure s h a l l be maintained a t an a l t i t u d e pressure 
equivalent t o -1000 f e e t and t h a t the r a t e of pressure 
v a r i a t i o n need not be as s p e c i f i e d t h e r e i n . 

7.11.3 P r e s s u r i z a t i o n Test: The components which are to be located 
i n a pressurized area s h a l l be subjected to an e x t e r n a l 
pressure of 50 inches o f mercury absolute f o r a p e r i o d of 15 
minutes. The response time t e s t o f the instrument per 
Paragraph 7.1 s h a l l be conducted w h i l e the component 
in v o l v e d i s under t h i s pressure. 

7.12 Voltage V a r i a t i o n : The instrument s h a l l be operated w i t h 
the v o l t a g e cycled between 75 and 110 percent of the r a t e d 
v o l t a g e . The instrument s h a l l then be t e s t e d per Paragraph 
7.1 under these c o n d i t i o n s . Compliance w i t h the p r o v i s i o n s 
of Paragraph 4.2 s h a l l also be demonstrated. 

7.13 Clearance Time: The instrument s h a l l be exposed to the flame 
as described i n Paragraph 7.1 and three determinations made 
of the time r e q u i r e d f o r the s i g n a l to c l e a r . This s h a l l 
be accomplished by o b t a i n i n g a response, and immediately 
t u r n i n g the instrument so t h a t i t ceases to sense (view) 
the f i r e , and the time r e q u i r e d f o r the s i g n a l t o disappear 
obtained. This time d u r a t i o n i s the "clearance time". I t 
must not exceed 10 seconds. During t h i s t e s t , the sensor 
s h a l l be subjected t o the most c r i t i c a l v i b r a t i o n (frequency 
and amplitude c o n d i t i o n s as determined i n 7.4). 

7.14 F i r e Resistance: For instrument sensing components, i n c l u d i n g 
detectors and connecting e l e c t r i c a l w i r e , which are t o be 
i n s t a l l e d i n a f i r e zone, t e s t s s h a l l be conducted to show 
res i s t a n c e t o a completely enveloping flame of 1100° C. minimum 
f o r two periods of one minute each. The flame s h a l l be as 
s p e c i f i e d i n Figure 2. The sensor s h a l l be cooled t o room 
temperature a f t e r each exposure to flame. The instrument 
s h a l l then be exposed t o the same flame f o r a t h i r d time. 
An alarm s h a l l be s i g n a l l e d i n not more than f i v e seconds 
a f t e r each o f the exposures. The instrument s h a l l produce 
alarm clearance i n not more than 45 seconds a f t e r the flame 
has been removed i n the f i r s t two cases. A r t i f i c i a l means 
of c o o l i n g the instrument s h a l l not be used u n t i l a f t e r the 
alarm has c l e a r e d . 



sand hopper (should hold enough 
„ sand for complete t e s t ) 

FIGURE 1 
Bohematio Sand T e s t Arrangement (Ref . Section 7.8) 
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Figure 2-2. Standard Burner 



S t a n d a r d B u r n e r A s s e m b l y . 

The c o m p l e t e s t a n d a r d b u r n e r a s s e m b l y i s 
shown i n F i g . 2 - 1 . D e t a i l s of the com
ponents of t h i s a s s e m b l y a r e g i v e n i n F i g s . 
2 - 2 , 2 - 3 , and 2 - 4 . 
F i g . 2 -2 Bhows the d e t a i l s o f t h e b u r n e r 
and t h e b u r n e r g r i l l w h i c h c o n s i s t s of two 
p l a t e s c o n n e c t e d by 1 / 8 - i n c h copper t u b e s . 
Gas and a i r a r e mixed i n the b u r n e r base 
and t r a v e l upward t h r o u g h t h e t u b e s . The 
b u r n i n g t a k e s p l a c e above t h e top p l a t e of 
t h e b u r n e r . C o o l i n g a i r i a a d m i t t e d to the 
b u r n e r through the f o u r 1 / 8 - i n c h p i p e - t a p p 
ed h o l e s between the p l a t e s of the b u r n e r 

F i g u r e 2 - 3 . B u r n e r B a s e 

F i g u r e 2 - 4 . O r i f i c e Chamber 

g r i l l . T h i s a i r p a s s e s upward through t h e 
No. 38 d r i l l h o l e s i n the top p l a t e and 
s e r v e s a s a means f o r c o n t r o l l i n g the o v e r 
a l l t e m p e r a t u r e of t h e f l a m e . The l o c a t i o n 
of the f o u r 1 / 8 - i n c h p i p e - t a p p e d h o l e s i s 
c r i t i c a l . They must be l o c a t e d d i r e c t l y 
i n l i n e w i t h the c e n t e r row of 1 / 8 - I n c h 
copper t u b e s I n e a c h of t h e f o u r q u a d r a n t s . 
Improper l o c a t i o n of t h e s e c o n n e c t i o n s w i l l 
r e s u l t i n an u n e q u a l r a d i a l d i s t r i b u t i o n o f 
c o o l i n g a i r and w i l l a f f e c t the d i s t r i b u 
t i o n of the flame t e m p e r a t u r e i n a . l i k e 
manner. 
F i g . 2-3 shows t h e d e t a i l s of t h e b u r n e r 
b a s e . When the two 1 1 / 3 2 - i n c h - d i a m e t e r 
h o l e s i n t h e b u r n e r p l u g a r e d r i l l e d ; c a r e 
s h o u l d be t a k e n t h a t t h e c e n t e r l i n e c o n 
n e c t i n g t h e s e h o l e s w i l l be a t r i g h t a n g l e s 
to the c e n t e r l i n e c o n n e c t i n g t h e two 1 9 / 6 4 -
i n c h d i a m e t e r h o l e s I n the b a s e . When t h e s e 
1 1 / 3 2 - i n c h d i a m e t e r h o l e s a r e p r o p e r l y l o c a t e d , 
the 1 9 / 6 4 - i n c h - d i a m e t e r h o l e s cannot be s e e n 
when one l o o k s v e r t i c a l l y downward i n t o t h e 
b u r n e r b a s e . T h i s m i s a l i g n m e n t of h o l e s a i d s 
i n t h e m i x i n g of t h e gas and a i r b e f o r e they 
a s c e n d to t h e b u r n e r g r i l l . 
F i g . 2-4 shows t h e d e t a i l s of a n o r i f i c e and 
o f an o r i f i c e chamber. T h r e e a r e r e q u i r e d . 
Two o f t h e s e o r i f i c e chambers have end p l a t e s 
w i t h the 3 / 8 - i n c h P a r k e r t h r e a d f i t t i n g s on 
both ends and a r e f a s t e n e d d i r e c t l y i n t o t h e 
b u r n e r b a s e . The t h i r d o r i f i c e chamber h a s 
an end p l a t e w i t h a P a r k e r t h r e a d f i t t i n g on 
one end and the p l a t e w i t h f o u r 1 / 4 - i n c h -
d i a m e t e r h o l e s I n the o t h e r e n d . T h i s end o f 
the chamber i s c o n n e c t e d to t h e b u r n e r by f o u r 
copper t u b e s , e a c h 1/4 i n c h i n o u t s i d e d i a m e t e r 
COD) and 13 1 /2 i n c h e s l o n g . One of the o r i 
f i c e chambers conriected t o t h e base i s f o r 
m e a s u r i n g t h e gas s u p p l i e d to t h e b u r n e r and 
has an o r i f i c e 5 /32 ( 0 . 0 1 6 2 5 ) i n c h i n d i a m e t e r . 
The o t h e r o r i f i c e chamber c o n n e c t e d to t h e 
base i s f o r m e a s u r i n g the m i x i n g a i r s u p p l i e d 
to the b u r n e r and has an o r i f i c e 1/4 ( 0 , 2 5 ) 
i n c h i n d i a m e t e r . The t h i r d o r i f i c e chamber 
c o n n e c t e d t o the b u r n e r by f o u r 1 / 4 - i n c h OD 
c o p p e r t u b e s i s f o r m e a s u r i n g c o o l i n g a i r 
s u p p l i e d to t h e b u r n e r and haa a n o r i f i c e 5 /16 
( 0 . 3 1 2 5 ) i n c h i n d i a m e t e r . 
The gas s h o u l d d e l i v e r a p p r o x i m a t e l y 2500 
B r i t i s h t h e r m a l u n i t s (BTU) p e r c u b i c f o o t . 
The b u r n e r s h o u l d consume 26 c u b i c f e e t o f gas 
per hour f o r the 2000°F (1100°C) f l a m e . The 
f lame produced s h o u l d be u n i f o r m and s t e a d y 
w i t h no y e l l o w t i p s . 
The d i f f e r e n t i a l manometer r e a d i n g s of t h e 
p r e s s u r e d r o p s a c r o s s the o r i f i c e s h o u l d b e : 

1. Gas o r i f i c e ( 5 / 3 2 - i n c h d i a m e t e r ) , 0 . 9 9 
i n c h o f w a t e r , 

2 . M i x i n g - a i r o r i f i c e ( 1 / 4 - i n c h d i a m e t e r ) , 
9 . 2 5 I n c h e s o f w a t e r . 

3 . C o o l i n g - a i r o r i f i c e ( 5 / 1 6 - i n c h d i a m 
e t e r ) . 1 1 . 0 i n c h e s o f w a t e r . 

I n o r d e r t h a t t h e b u r n e r might produce t h e 
r i g h t amount of h e a t , t h e d i f f e r e n t i a l p r e s 
s u r e f o r the gas and t h e m i x i n g a i r s h o u l d 
be a c c u r a t e l y c o n t r o l l e d . A s l i g h t v a r i a 
t i o n i n t h e c o o l i n g a i r may be n e c e s s a r y 
i n o r d e r to o b t a i n t h e p r o p e r t e m p e r a t u r e . 
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FIGURE 3 (a) 

Local temperature r i s e condition 
(Ref. Section 7.2.1) 
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FIGURE 5 (b) 

General temperature r i s e c o n d i t i o n 
(Ref. Section 7 .2 .2) 


